Introduction
Construction industry has globally recognised as a substantial contributor of greenhouse gas (GHG) emissions [1] [2] [3] . A research by [4] described that the construction industry produced 5.7 billion tons of GHG emission. This value was equivalent to 23% of the global economics activity in 2009 [8] . During the same period of study, construction sector generated much greater value of GHG emission intensity (0.67 kilotons/million US$) compared to the average value of global economic activities (0.22 kilotons/million US$) [4] .
The construction phase, which covers procurement, mobilisation, and construction stage, could potentially be the source of GHG emissions. During fabrication stage, the GHG emissions is generated during the fabrication of building components, both concrete and/or steel [1] [2] . The mobilisation of building component, material, and equipment to project site also contributes to the emission [1] [2] . The use of fossil fuel-based equipment during construction stage also generates an enormous amount of GHG emissions [2] .
Furthermore, it was found that the amount of GHG emissions from construction process is larger in the developing country than in the developed country [3] . In particular, among four developing countries such as Turkey, Mexico, and Brazil, Indonesia generated the largest amount of GHG emission [3] . During 2009, Indonesia produced 43% of the total GHG emissions from construction sector among those four countries [3] .
Indonesia has addressed those issues through the Indonesian construction masterplan named "Indonesian Construction 2030" [5] . This masterplan has included green construction as one of the main agenda. This agenda is aimed to utilize the natural resource efficiently as well as minimise the environmental impact of the whole construction process in Indonesian project.
This study is conducted in order to support the enhancement of green construction implementation in Indonesia. The objective of this study is to find a set of obstacles which could potentially be a barrier to implement green construction concept. These barriers should be addressed properly in order to enhance the development of green infrastructure in Indonesia.
Literature Review
The commencement of green infrastructure development in Indonesia is considered recent. A notable milestone of the progress is the conformation of Green Building Council Indonesia (GBCI) in 2009 [6] . GBCI has launched Greenship Rating Tools, covering sets of assessment for home, new building, existing building, and interior space. Those tools focus on the green aspect of the respective object during design and operational phase.
Within the construction phase, Ervianto [7] introduced an assessment tool which is called Assessment Green Construction model. In general, this model sequentially consists of aspects, factors, and indicators. The aspects are health and safety; air quality; building environmental management; material source and cycle; land use; water conservation; and energy conservation [7] . Each aspect consists of several factor and each factor is assessed through several indicators [7] . The hierarchy of this model is presented in the Table 1 . The assessment is conducted by filling each indicator through a closed question. The complete indicators are presented in Table 2 . Each indicator has a unique weight which is obtained from analytic hierarchy process, resulting an overall score of green construction implementation of the assessed project [7] .
The literature review also covers several studies regarding the barrier of green construction implementation from another country. Dodge Data & Analytics [8] , Kibert [9] , Bond & Perrett [10] , Hwang & Tan [11] , and IGEL [12] , has stated that client demand and high cost of investment are the main obstacle of green construction implementation.
Besides, Hwang and Tan [13] , and Simpeh and Smallwood [14] has found that the poor knowledge and understanding of contractor about green construction concept could detain the implementation. This obstacle could lead to the reluctance in investing resources to implement the concept.
Methods
The methodology to identify the barrier starts on the green construction assessment of the case study, using the Assessment Green Construction model. The case study is an apartment in Bandung, Indonesia, which was under construction phase during the period of study (year 2017 ). This project is selected because of the size of the project in terms of cost; as well as the class of contractor who build the project.
This project is considered as one of the biggest project in Bandung which was still constructed in 2017. Furthermore, the contractor of the project is categorized as B2 class in accordance with the Indonesian Ministry of Public Works standard [15] . This class indicates the capabilities of the contractor who could execute a project with no maximum value in terms of cost.
The assessment is conducted through field observation method. Each indicator is filled based on the interview with the site manager from contractor. So that all results are based on the contractor's point of view. The site manager has more than 15 years of experience and was involved in this project from the beginning. This is to ensure the reliability of all given answers and opinions. The barrier is identified based on the reason behind the unimplemented indicator. The barriers are ranked in accordance with its frequency in order to understand the overall issue.
Results and Discussion
The results of the indicator fulfilment are shown in the table 2. The table also presents the barrier of each unimplemented indicator. The summary of the identified barrier is presented in the Table 3 .
The most significant barrier based on the result is no client demand. This is in line with several previous studies from the literature review such as Dodge Data & Analytics [8] , Kibert [9] , Bond & Perrett [10] , Hwang & Tan [11] , and IGEL [12] , in which client demand is one of the main trigger to the implementation of green construction. This barrier is a consequence of the lack of public awareness regarding the advantage of green aspect [8] . Moreover, client should be educated about the importance of business benefit from green construction [12] , since its market grows rapidly in the recent years [8] [11] [16] . The public awareness issue could be overcome by the establishment of pertinent policy [9] [17], official assessment system [9] [12] [18] , and incentives [8] [12].
The high cost of investment is also a significant barrier in the implementation of green construction [4] [12]. Tagaza and Wilson [19] found that the investment for green construction is greater by 1 to 25% compared to the conventional one. [21] . The solution of this barrier corresponds to the previous barrier. Means that if the client demand of green construction has increased, contractor should response accordingly. Besides, contractor should be educated about the long-term financial benefit from several indicators such as 'Install water gauge on all water outlet'; 'Install energy-efficient lamp'; and 'Utilise low-emission and energy-efficient tools and equipment', in which the cost of investment could be equilibrated with a decrement of operating cost.
The awareness barrier means that the contractor is not aware of the indicator despite the fact that the investment to fulfil the indicator is low. This barrier is caused by contractor's lack of familiarity with the system [13] [14] . For instance, it was found that several indicators such as 'Install air conditioner with a COP which is at least 10 % higher that local standard' and 'Perform the planning and utilisation of dewatering water' are not implemented due to the unfamiliarity. Furthermore, contractor should be aware that the implementation of several indicators could enhance other aspect. For example, 'Provide a smoking area which is located ± 5 metres radius away from working area', it requires a considerably low cost, but it could contribute to the health and safety issues on site. The site condition factor means the site condition is not suitable with the indicator. For example, 'Utilise material from existing building onsite '; 'Conduct a logging prohibition within a radius of 12.2 metres from the building'; and 'Minimise dust contamination during deconstruction/demolition'; are not suitable due to the fact that there is no existing building and plantation on site. This issue should be addressed within the development of the Assessment Green Construction tool, so that any unsuitable site condition would not affect the result of the assessment
Summary
In order to accelerate the implementation of green construction concept in Indonesia, the barrier against it should be identified and solved. Based on the result of this study, the identified barrier from the highest percentage of occurrence to the lowest are no client demand, cost of investment, awareness, and site condition. The client demand issue could be overcome by the establishment of pertinent policy, official assessment system, and incentives. Contractor should aware about the business benefit of the investment. Further socialisation about several aspect of green construction is required to enhance the awareness of contractor. The site condition barrier should be addressed in the development of the Assessment Green Construction tool.
